Abstract : Bright-blue Organic-Light-Emitting-Diodes based on carbazolic-compounds as emitting layers or dopant in DPVBi matrix are described. Pure-blue light with CIE coordinates xy = (0.158;0.169) and external quantum efficiency as high as η ext = 3.3% were obtained.
Introduction
Over the last decade, blue Organic Light Emitting Diodes (blue OLEDs) with high efficiencies have attracted considerable attention for their potential applications to full color ultra-thin flat panel displays [1] . From the material point of view, carbazole derivatives have appeared since the nineties to be among the most promising blue-emitting materials [2] . However, the reported colors for those carbazole-based devices are rather greenish-blue [3] or skyblue [4] . In an earlier work, we have reported that a carbazolic dimer i.e N,N'-diethyl-3,3'-bicarbazyl (DEC) is a thermally and electrochemically stable organic compound [5] which exhibits interesting pure blue electroluminescence in single, double and triple layer LED configurations. In this paper, we report on blue OLEDs based on the dimer N,N'-diethyl-3,3'-bicarbazyl (DEC) and on a novel stable compound 1,4,5,8,Npentamethylcarbazole (PMC). Both can be used either in a five-layer structure with the 2,9-dimethyl-4,7-diphenyl-1,10-phenantroline (bathocuproine, BCP) as a hole-blocking layer or as a doping material in a four-layer structure with a 4,4'-bis(2,2'-diphenylvinyl)-1,1'-biphenyl (DPVBi) matrix.
2.Experimental
The figure 1 details the layer structure of the two types of devices. The organic compounds are deposited onto the ITO-coated substrate by sublimation under high vacuum (10 -7 Torr) with a rate of 0.2 -0.3 nm/s. An in-situ quartz crystal was used to monitor the thickness of the vacuum depositions. In the configuration of Fig.1(a) , we sequentially deposited onto the ITO anode : CuPc (copper phtalocyanine) as a hole-injecting layer (HIL), NPB (N,N'-bis(1-naphtyl)-N,N'-diphenyl-1,1'-biphenyl-4,4'-diamine) as a hole-transporting layer (HTL), DEC or PMC as an emitting layer (EML), BCP (bathocuproine; 2,9-dimethyl-4,7-diphenyl-1,10-phenantroline,) as a hole-blocking layer (HBL), Alq 3 (tris(8-quinolinoato)aluminium) as the electron-transporting layer (ETL), and finally a LiF/Al top cathode. LiF has been found to increase by a 50-fold factor the device efficiency of blue OLEDs DPVBi-based compared to a device with a aluminium cathode only. In another structure ( Fig.1 (b) ), both the DEC (or PMC) layer and BCP layers are substituted by a single mixed DPVBi-DEC (or DPVBi-PMC) doped active layer. The latter is obtained by co-evaporation from two separated evaporation sources. The doping ratios were optimized to be 2% of DEC (or 5% of PMC) in the DPVBi matrix, and were controlled through the evaporation rates of the DPVBi and the dopant. Electroluminescence (EL) spectra and chromaticity coordinates were recorded with a PR 650 SpectraScan spectrophotometer. The HOMO and LUMO levels and the energy band gap E g for DEC and PMC compounds were deduced from electrochemical measurements of their oxidation and reduction potentials. For DEC, HOMO and LUMO levels were fund to be 5.6 eV and 2.5 eV respectively whereas for PMC HOMO and LUMO levels are 5.9 eV and 2.8eV. These values agree quite well with those deduced from the absorption threshold of the optical spectra.
Results and discussion
The colour emission of these OLEDs is bright blue, and clearly visible in ambient room light. The EL parameters are presented in table 1. The C.I.E. coordinates show that all the devices emitted a pure blue light and that the DVPBi host tends to take the emission colour of the carbazolic guest. Noteworthy the use of PMC as an emitting layer in a five-layer structure (device shown fig.2(a) ) produces a blue-light at the frontier of the blueish purple (C.I.E x = 0.153, y = 0.100). The DPVBi DEC-doped device exhibits an external quantum efficiency of η ext = 3.3%. This value is to our knowledge one of the highest reported for deep-blue light emitting diodes.
In conclusion, highly efficient blue-light-emitting-diodes based on two carbazole molecular derivatives as wide-band gap emitters were achieved. We emphasized the advantages of matching both the HOMOs and the LUMOs of the various organic materials in order to improve the electron-hole balance accros the junction. In such a way, efficient multilayer bright-blue light emitting diodes have been fabricated. The DPVBi DEC-doped devices exhibits a state-of-the-art external quantum efficiency of 3.3% related to a high internal efficiency of 20 % which is closed to the theoretical maximum of the singlet emission (25%).
